To determine the prevalence of falls, fear of falling (FoF), and activity limitation due to FoF in a nationally representative study of older adults with self-reported vision impairment (VI). DESIGN: Cross-sectional analysis of panel survey data. SETTING: National Health and Aging Trends Study, a nationally representative survey administered annually from 2011 to 2016 to U.S. Medicare beneficiaries aged 65 and older. PARTICIPANTS: Respondents (N=11,558) who contributed 36,229 participant observations. MEASUREMENTS: We performed logistic regression to calculate the unadjusted and adjusted prevalence of selfreported history of more than 1 fall in the past year, any fall in the past month, FoF, and activity limitation due to FoF in participants with and without self-reported VI. RESULTS: The weighted proportion of participants reporting VI was 8.6% (95% confidence interval (CI)=8.0-9.2%). The unadjusted prevalence of more than 1 fall in the past year was 27.6% (95% CI=25.5-29.7%) in participants with self-reported VI and 13.2% (95% CI=12.7-13.7%) in those without self-reported VI. In respondents with selfreported VI, the prevalence of FoF was 48.3% (95% CI=46.1-50.6%) and of FoF limiting activity was 50.8% (95%CI 47.3-54.2%), and in those without self-reported VI, the prevalence of FoF was 26.7% (95% CI=25.9-27.5%) and of FoF limiting activity was 33.9% (95% CI=32.4-35.4%). The prevalence of all fall and fallrelated outcomes remained significantly higher among those with self-reported VI after adjusting for sociodemographics and potential confounders. CONCLUSION: The prevalence of falls, FoF, and activity limitation due to FoF is high in older adults with self-reported VI. This is the first study to provide nationally representative data on the prevalence of fall-related outcomes in older Americans with self-reported VI. These findings demonstrate the need to treat avoidable VI and to develop interventions to prevent falls and fall-related outcomes in this population. J Am Geriatr Soc 67:239-245, 2019.
V ision impairment (VI) and blindness affect 1 in 11 Americans aged 65 and older in the United States. 1 Because of the aging of the population, the number of older adults with VI is predicted to increase through at least 2050. 2 VI is associated with lack of independence, 3 poor subjective well-being, 4 and risk of falls. [5] [6] [7] [8] [9] [10] [11] [12] [13] In a given year, approximately one-third of adults aged 65 and older will fall 5 and VI more than doubles this risk. 14 Falls are a substantial cause of morbidity and mortality 15 and, in 2015, were associated with annual medical costs in the United States of $50 billion. 16 Fear of falling (FoF) and activity limitation due to FoF are also more common in older adults with VI 17, 18 and are associated with declines in healthrelated quality of life and independence. 19, 20 Data on the prevalence of falls and fall-related outcomes in visually impaired older adults are needed to understand the magnitude of this problem and to design targeted population health interventions. 21 An analysis of data from the Behavioral Risk Factor Surveillance System showed that 46.7% of adults aged 65 and older with self-reported severe VI or blindness had fallen in the prior year, compared with 27.7% of controls, 8 although respondents who reported a single fall in the past year were included, which might have overestimated clinically relevant fall risk, because the American Geriatrics Society and British Geriatrics Society recommend using a threshold of more than 1 fall in the past year to screen for fall risk. 22 In addition, this study calculated fall prevalence in individuals who reported severe VI and did not count those with milder forms of VI that are more common in the general population. Finally, the study did not report prevalence estimates adjusted for potential confounders that have been associated with VI 23, 24 and fall risk. 25, 26 Several studies have also found an association between VI and FoF and have demonstrated that individuals with FoF are more likely to experience activity restriction. 17, 18, 27 One study found that in older adults with age-related macular degeneration (AMD), declines in vision were associated with less physical activity and that FoF mediated the relationship between vision loss and activity restriction. 27 Another study found that 40% to 50% of individuals with Fuchs' corneal dystrophy, glaucoma, or AMD reported limiting their activity because of FoF, compared with 16% of controls. 18 Finally, a population-based study from Ireland found that worse self-reported vision was independently associated with FoF and activity restriction due to FoF. 17 The population prevalence of FoF and associated activity restriction in older Americans with self-reported VI has not been reported, 28 although this is critical data for designing interventions to address these adverse outcomes.
The purpose of the current study was to provide up-todate data on the prevalence of falls and to contribute novel epidemiological data on prevalence of FoF and activity limitation due to FoF in older adults with self-reported VI in the United States. To explore these relationships, we analyzed nationally representative survey data from the National Health and Aging Trends Study (NHATS), which includes information about health characteristics, demographic characteristics, socioeconomics, and healthcare use. The current study provides needed epidemiological data to illustrate the scope of falls and fall-related outcomes in visually impaired older Americans. These data may be important for developing and testing interventions to decrease falls, FoF, and activity limitation due to FoF in this large and growing population.
METHODS
The University of Michigan institutional review board deemed this study exempt because NHATS consists of publically available nonidentifiable data.
Data and Analysis Sample
NHATS is an annual survey administered through in-person interviews to a nationally representative cohort of Medicare beneficiaries aged 65 and older. The sampling frame was defined using the Medicare enrollment database. In Round 1, a 3-stage stratified sampling design was used that included selection of 95 primary sampling units (counties or groups of counties), 655 secondary sampling units (ZIP codes or ZIP code fragments), and a sample frame of Medicare beneficiaries aged 65 and older on September 30, 2010. The oldest age groups and non-Hispanic black persons were oversampled. In Round 1, NHATS achieved a 71% response rate, corresponding to 8,245 individuals and an effective sample size of 6,461 after accounting for the differential probability of selection. 29 The sample was replenished in 2015 to account for attrition due to loss to follow-up and death. 30 For this study, data were available for 2011 to 2016, and we included all participants with complete data in a given year for the variables in our models. Accordingly, complete data were available for 92% of participant observations, and our analytical sample consisted of 11,558 participants who contributed 36,229 participant observations.
Variable Definitions
VI was self-reported as difficulty recognizing someone across the street or reading newspaper print, even when using corrective lenses. We classified a participant as having self-reported VI if they reported VI in a given year. Falls were defined as "any fall, slip or trip in which you lose your balance and land on the floor or ground or at a lower level." Participants were asked if they had experienced any fall in the past month and if they had fallen more than once in the past 12 months. FoF was determined from a question that asked participants whether they had worried about falling in the last month, followed by a question asking whether worry about falling ever caused them to limit their activities. To determine the number of medical comorbidities that a participant had, we counted the number of chronic conditions reported, including a history of myocardial infarction, heart disease, hypertension, arthritis, osteoporosis, diabetes, lung disease, stroke, and cancer. 31 
Analyses
Based on the NHATS survey design, we used 2011 to 2016 NHATS data to calculate weighted proportions of participants for each covariate stratified according to whether participants self-reported any VI in a given year. We report unadjusted P-values from Pearson chi-square tests for categorical variables and t-tests for continuous or ordinal variables. We calculated the unadjusted prevalence of falls and fall-related outcomes for participants with and without selfreported VI. We then performed multivariable logistic regression and used the "margins" postestimation command in Stata (Stata Corp, College Station, TX) to calculate prevalence estimates, adjusting for age, sex, race, ethnicity, educational attainment, Medicaid eligibility, number of medical comorbidities, body mass index (BMI), proxy respondent, and survey round. All odds ratios and prevalence estimates accounted for clustering of multiple observations from the same participant. Analyses were conducted using Stata version 14 and accounted for the complex design of the survey, including cross-sectional sample weights, sampling units, and strata.
RESULTS

Characteristics of Study Sample
Characteristics of the study sample are presented in Table 1 . The total weighted proportion of participants who reported any form of VI was 8.6% (95% confidence interval (CI) =8.0-9.2%). Participants were more likely to report VI if they were older, female, nonwhite, less educated, or dually eligible for Medicaid; had a lower BMI (p = .04) or more medical comorbidities; or required a proxy respondent (p < .001 for all comparisons except as noted). Table 2 illustrates the prevalence of falls and fall-related outcomes for participants with and without self-reported VI. All unadjusted and adjusted prevalence estimates were significantly higher for those with self-reported VI than those without (all p < .001). The unadjusted prevalence of each of the fall and fall-related outcomes was nearly twice as high in those with self-reported VI. After adjusting for age, sex, and other covariates, the difference in prevalence was smaller, but the prevalence of all 4 outcomes was still at least 25% higher in those with self-reported VI. Table 3 presents the results of multivariable logistic models showing the adjusted associations of sociodemographic and economic characteristics with falls and fall-related outcomes. The odds of reporting a fall in the past month or recurrent falls in the past year were significantly greater for those who self-reported VI and were older, male, white, less educated, or dually eligible for Medicaid; had more medical comorbidities; or required a proxy respondent. The odds of reporting FoF were significantly higher in those who had self-reported VI and were older, female, White, Hispanic, and dually eligible for Medicaid; had a higher BMI or more medical comorbidities; or required a proxy respondent. The odds of activity limitation due to FoF were significantly greater in those who had self-reported VI and were male, were Medicaid eligible, had more medical comorbidities, and required a proxy respondent. The magnitude of each of these associations is depicted in Figure 1 .
Prevalence of Falls and Fall-Related Outcomes
Associations Between Falls and Fall-Related Outcomes and Sociodemographic Characteristics
DISCUSSION
In this study of a nationally representative sample of U.S. Medicare beneficiaries aged 65 and older, falls, FoF, and activity limitation due to FoF were all significantly more prevalent in individuals with self-reported VI. This study contributes important and novel epidemiological data on the prevalence of FoF and activity limitation due to FoF in older adults with self-reported VI, while also confirming prior investigations that have reported a high prevalence of recurrent falls in this population. Approximately half of those with self-reported VI had FoF (vs 27% without selfreported VI) and activity limitation due to FoF (vs 34% without self-reported VI), and 28% reported recurrent falls in the prior year (vs 13% without self-reported VI). Findings from this study suggest the importance of fall prevention interventions for this at-risk population to limit the morbidity, mortality, and healthcare expenditures associated with falls, 15, 16 as well as declines in well-being, quality of life, and independence that may accompany FoF and associated activity restriction. 19, 20 Our study confirms the findings of prior investigations that have found a strong association between VI and falls. [5] [6] [7] [8] [9] [10] [11] [12] [13] An investigation using nationally representative data from the Behavioral Risk Factor Surveillance System found a higher prevalence of falls (46.7%) than in the current study (27.6%). 8 It is likely that the lower prevalence of falls in our study is due to differences between the studies in the definition of VI and in the criteria used to define falls. Our study estimated fall prevalence using the American Geriatrics Society and British Geriatrics Society recommendations for assessing fall risk in individuals who reported recurrent falls (rather than a single fall) in the past year. 22 In prior studies based on objectively measured vision rather than self-report, investigators have shown that different measures of vision loss, including impaired visual acuity, 9 visual field defects, 10, 12 decreased contrast sensitivity, 9, 11 and poor depth perception 13 were associated with falls. A review of the literature on VI and falls showed that the mean odds or relative risk of falls in those with VI (inconsistently defined across studies) was 2.5 (range 1.6-3.5), 21 which was larger than the effect size for age of 80 and older, cognitive impairment, depression, impaired activities of daily living, and arthritis. 14 We examined the sociodemographic characteristics that were independently associated with falls and found that our models confirmed prior reports that have described an association between falls and older age, lower socioeconomic status, white race, and having more medical comorbidities. [32] [33] [34] Although prior investigations have reported a significant association between higher BMI and recurrent falls, 35, 36 we did not find this independent association in our data.
Our study also demonstrated a high prevalence of FoF and activity restriction due to FoF, which to our knowledge is the first report of the population prevalence of these fallrelated outcomes in older adults with self-reported VI in the United States. A systematic review found that the reported prevalence of FoF in community-dwelling older adults ranged from 3% to 85% depending on the study and its measurement strategy. 37 They found that the main risk factors for FoF were a history of falls, female sex, and older age. Their review did not identify VI as an important risk factor, however based on our study, VI is strongly associated with FoF and resultant activity restriction.
Other studies have also found an association between VI and FoF. [38] [39] [40] A Japanese clinic-based study found that 23% to 25% of individuals with moderate to severe glaucoma reported FoF (vs 12% of controls and individuals with mild glaucoma). In our study, nearly half of older adults with self-reported VI endorsed FoF. This difference may be due to different cultural and environmental contexts, the relatively-asymptomatic nature of glaucoma until later stages of the disease compared to other causes of VI, 41 or differences in the ascertainment of FoF. Several other studies of VI and FoF also found a strong positive relationship, but it is difficult to compare their results directly with those of our study because they quantified participants' level of FoF on an interval scale rather than its presence or absence. 38, 40 In our multivariable models, we found that FoF was independently associated with being female, white, Medicaid eligible, and having a higher BMI or more medical comorbidities. Prior investigations in older adults with [38] [39] [40] and without 20, 42 VI also detected these associations and reported comparable effect sizes. 20 The association between BMI and FoF in this study suggests that individuals with a higher BMI are more likely to fear falling even when they are no more likely to fall. It is not clear why certain characteristics were associated with falls but not fall-related outcomes or visa-versa. Future work could examine potential mediators of these relationships, such as objective and subjective measures of balance.
Our study also found that 51% of older adults with self-reported VI had activity limitation due to FoF, compared with 34% of controls. Several prior studies have examined the relationship between VI and activity limitation due to FoF. One found that 40% to 50% of individuals with Fuchs' corneal dystrophy, glaucoma, or AMD 18 reported restricting activity because of FoF, a result that is similar to the unadjusted prevalence reported in the current study. A population-based study from Ireland found that self-reported, but not objectively measured, VI was significantly associated with FoF and activity restriction due to FoF, but it did not report survey-weighted prevalence estimates for these outcomes. 17 Another study demonstrated that worse vision was associated with less physical activity in subjects with glaucoma and AMD, and that FoF mediated this relationship in the group with AMD. 27 Our study makes an important contribution to the existing literature on VI and activity restriction due to FoF by providing needed epidemiological data and insight into important associations with this outcome.
Limitations
There were several limitations to this study. NHATS relies on self-report, which can be subject to recall bias. Although self-reported vision is not perfectly correlated with visual acuity, self-reported vision has been widely used in prior population-based studies, [43] [44] [45] and previous studies have found that the 2 measures may have a strong positive association. 46 ,47 NHATS respondents were also asked to recall falls from the prior year, but the validity of the NHATS falls questions has not been tested against prospective falls diaries, which are known to be more accurate and are considered the criterion standard for falls reporting. 48 Data from NHATS also did not allow us to determine the severity of falls. In addition, our results may not fully represent subjects who did not have complete data, particularly those who did not report Medicaid dual eligibility or BMI, because these two variables together accounted for the majority of missing data. Finally, this study did not determine whether the relationship between VI, falls, and fallrelated outcomes is causative, bidirectional, or simply associational.
Conclusions
Older Americans with self-reported VI have a higher prevalence of falls, FoF, and activity restriction due to FoF than their normal-sighted peers. This study provides important and novel epidemiological data on the prevalence of FoF and related activity restriction in older adults with selfreported VI, while also confirming the strong association between VI and falls. Data from this study can help define the scope of these problems and may inform future studies and interventions aimed at decreasing the likelihood of falls and fall-related outcomes in visually impaired older adults. Future studies should investigate the effectiveness of fall prevention interventions in this population. Moreover, because VI is avoidable or treatable in a large majority of cases, 21 VI may be a modifiable target for interventions to decrease falls and fall-related outcomes for some older adults. These outcomes are critical public health concerns that are likely to affect a growing number of individuals as the population continues to age.
